At present. there is no convincing evidence that abortion affects risk of breast cancer. Some studies have found a positive association between histors of abortion and breast cancer. some a negative association and others no association (Kelsev and Horm-Ross. 1993) . Results from most studies have been inconclusive. finding non-significant but suggestive associations. The difficulty in detecting the risk associated with abortion could be due to heterogeneity of the effect among the studied populations: in particular. familial factors may interact with histor' of abortion. Indeed. in a previous study. we reported that the risk of breast cancer associated w-ith a family historv of breast cancer increased in the presence of a history of abortion (Andrieu et al.. 1993) . This interaction was statistically significant. Among women Without a family historN-of breast cancer. no increased risk associated with abortion was observed. whereas among women with a family history of breast cancer. risk was increased 2-fold. The familial risk seemed to increase similarlY for spontaneous and induced abortions. The interaction of family history of breast cancer and abortions or miscamages has been examined only by two other studies (Parazzini et al.. 1992 : Sellers et al.. 1993 . Of these studies. one found an increased risk of breast cancer associated with spontaneous abortion among women with a family history of breast cancer (RR = 1.9) (Parazzini et al.. 1992) . while the other found no association (Sellers et al.. 1993) .
Although the reported significant interaction effects between familial factors and abortion may be a chance observation (Smith and Day. 1984) . there is a plausible biological mechanism indicating that further investigation is worthwhile . Specifically. it is of interest to check whether the interaction is present in studies from other environments. and to ensure that the sample size is sufficient to allow identification of the interaction (Smith and Day. 1984) . We therefore decided to perform a combined analysis (using the raw data rather than published data) on six case-control studies. from various countries. The aim was to investigate the existence of the interaction and to investigate the effect of abortion before and after first full-term pregnancy through a study of modifications of the familial nrsk due to abortions.
Materials and methods
The analysis included case-control studies from three countries. France. Australia and Russia. These data sets were chosen because they had information on family history of breast cancer and abortion. For all studies. family history of breast cancer was recalled by the subjects. Information on abortion history and on family' history of breast cancer was not verified from medical records. The present analysis included 2693 breast cancer cases and 3493 controls. No family history in this exercise includes unknown family history. Most studies in the combined analysis have been published. The studies are brieflN-described in (1991) The data were obtained from a case-control study in five French public hospitals between 1983 and 1987 to investigate the relationship between oral contraceptive use and the risk of breast cancer. Cases were between 20 and 56 years of age; they had a histologically confirmed infiltrating or in situ breast carcinoma. Three types of controls were eligible for each case: friends or colleagues, patients hospitalised for a non-malignant disease (except endocrinological diseases) and patients hospitalised for a malignant disease. The critenra for matching controls to cases were the centre, age at interview (± 5 years) and year of interview (± 14 months). Each case and her matching controls were interviewed by the same interviewer. The 111 controls with a malignant disease were excluded from the present analysis and the matching broken. Information was recorded on the occurrence of breast cancer in the family (sisters, mother, aunts and grandmothers) and the number of sisters and aunts. Luporsi (1988) This was a case-control study performed in Nancy Cancer Institute (France) between 1985 and 1987 'Adjusted for age at interview, age at menarche, age at first child, number of children, test the interaction, a chi-square homogeneity test was performed companrng the difference between the deviance of the above model and that of a model in which the familial risk was assumed the same in all strata. In the combined analysis, the interaction was tested as the statistical significance of the weighted average of the interaction terms (Breslow and Day. 1980; Ewertz et al., 1990) . Interactions with trends in quantitative variables were performed.
Results
Firstly, main effects of abortion and family history were investigated. Table II shows the main effect of all abortions, Table III the effect according to the nature of the abortions and Table IV the effect according to the time of the first abortion in relation to the first childbirth. The main effect of abortion (Table II) was adjusted for age at interview, age at menarche. age at first childbirth. number of children, menopausal status and family history of breast cancer (except for the Russian study, for which variables for adjustment were not available). In all studies there was no effect of abortion (induced and spontaneous abortion considered together). The combined analysis confirmed this observation with an odds ratio of 1.1 (95% CI 0.9-1.2) for one abortion and 1.1 (95% CI 0.9-1.3) for two or more abortions. There was no effect of spontaneous abortion (Table III) . Significant point estimates were observed in three out of five studies for induced abortions. The point estimates of relative risk varied from 0.7 (DG Zaridze et al., unpublished) to 2.7 (Rohan et al.. 1988 ). The combined analysis showed an increased risk associated with experiencing one induced abortion, with an odds ratio of 1.5 (95% CI 1.1-1.9).
The relative risk of breast cancer associated with abortion was investigated according to the time of the first abortion in relation to first childbirth (Table MV) . No difference in the risk of breast cancer was observed according to the time of first abortion. in individual studies or in the combined analysis.
The main effect of a family history of breast cancer is shown in Table V . The effect was significant in all studies. The odds ratio associated with a family history of breast cancer estimated from the combined analysis was 1.9 (95% CI 1.6-2.3).
The odds ratio associated with a family history of breast cancer increased as the number of abortions increased (Table  VI) in five of the six studies. The combined analysis confirmed this, with an odds ratio associated with family history of 1.9 (95% CI 1.3-2.8) in those with one abortion and 2.8 (95% CI 1.7-4.7) in those with two or more abortions. The interaction was significant (P = 0.04) in a crude analysis but not when adjusted for age, age at menarche, age at first birth, number of children and menopausal status.
Similar results were obtained for spontaneous and induced abortions separately (Table VII) . This study found no effect on the risk of breast cancer of the total number of abortions, the number of spontaneous abortions or the time of abortion occurrence. However, in three studies and subsequently in the combined analysis, we found a significant increase in risk of breast cancer associated with induced abortion. These increases in risk were found in the two studies in which the proportion of subjects reporting induced abortion was the lowest (Luporsi, 1988, 4%; Rohan et al., 1988, 2%) . and in one study in which the proportion was average (Le et al., 1984, 23% Rohan et al. (1988) . gPerformed on two studies: Le et al. (1984) , Clavel et al. (1991) .
between abortion and breast cancer. One US study recently found that induced abortion could be involved in the aetiology of breast cancer (Daling et al., 1994) , although these results are still controversial (Rosenberg, 1994) . When the interaction was investigated, an increasing familial risk was found with increasing number of abortions in four out of five data sets. Similar results were obtained for spontaneous and induced abortion separately. When the familial risk was stratified by time of the first abortion in relation to first childbirth, a significantly increased familial risk was found when the first abortion was before the first childbirth. Most other interaction tests were not significant, suggesting the usual lack of power, even with large sample sizes, to detect interactions. It would have been interesting to look at the time of abortion relative to the time of first birth separately for spontaneous and induced abortions. Unfortunately, the number of cases was not large enough to perform such a double stratification in the interaction study.
In the crude combined analysis in which the familial risk was stratified by the number of abortions, the statistical significance of the interaction is not easily interpretable.
Indeed, this analysis included the set of data (Clavel et al., 1991) used in our previous study which generated the present study. We have performed combined analyses excluding the data set of Clavel et al. (1991) . The statistical significance of the interaction of the familial relative risk with the number of abortions disappeared in the crude analysis. However, the point and interval estimates of familial relative risks still increased with the number of abortions increased (2.0 (1.6-2.7) for no abortion, 2.6 (1.7-4.0) for one abortion, 3.0 (2.0-4.7) for two or more abortions).
Because few women had experienced induced abortion in the studies of Rohan et al. (1988) and Luporsi (1988) , the previous combined analysis, performed to estimate the familial relative risks according to the number of induced abortions, was done with only two data sets, those of Le et al. (1984) and Clavel et al. (1991) . Therefore when the data set of Clavel et al. (1991) were similar to those observed in the combined analyses including the data set of Clavel et al. (1991) . These estimates are 1.9 (1.4-2.7) for no spontaneous abortion, 2.1 (1.1-3.8) for one spontaneous abortion, 2.5 (1.0-5.9) for two or more spontaneous abortions, 2.1 (1.6-2.7) for no abortion, 2.1 (1.3-3.4) for first abortion after first birth and 3.3 (1.6-6.5)
for first abortion before first birth. Like the effect of total number of abortions, the statistical significance of the interaction with the time of the first abortion disappeared.
The differences in the significance may therefore be due to the reduction in the number of cases.
Two studies were characterised by a younger age range because the aim of these studies was to determine the effect of oral contraceptive use on breast cancer risk in young women. The aim of the four others was to determine the association between diet and breast cancer. This difference in age range does not seem to be a problem in our study. Adjustment for age was performed in the adjusted analyses and the results seem to hold for both groups of studies.
The measurement of family history of breast cancer was not homogeneous from study to study. Four studies recorded information in first-and second-degree relatives (Lk et al., 1984; Luporsi, 1988; Clavel et al., 1991; DG Zaridze, unpublished) . One study recorded information in first-and seconddegree relatives but not in grandmothers (Richardson et al., 1991) , and one study in first-degree relatives (Rohan et al., 1988) . Therefore the risk estimated from combined analysis measured the familial risk of breast cancer without a precise definition of the familial relationship. The Using another study design. two studies have investigated the effect of abortions on breast cancer by comparing cases with blood-related controls. In the first study, we compared (Andrieu and Demenais. 1994) 160 cases with sister controls and showed that the relative risk associated with the number of abortions increased (spontaneous and induced). Moreover, the relative risk was 1.5 times higher than the one estimated by using unrelated controls. In the second study. Laing et al. (1994) analysed 138 pairs of cases/sister controls and showed an increase in breast cancer risk associated with both spontaneous and induced abortions. Although the amplitude of the two relative risks was similar, only the relative risk associated with induced abortion was significant. In that study, comparison with unrelated controls has also been done and no increased risk has been found. Thus, the relative risks with respect to abortion history differ according to the type of controls (blood-related control or unrelated control).
suggesting an interaction between family history of breast cancer and history of abortion.
In our study. the risk associated with a family history increased for both spontaneous and induced abortions and especially when abortion occurred before the first childbirth. These findings suggest firstly an effect of abortion itself rather than predisposition to abortion and secondly an effect of the time when abortion occurs. Our previous hypothesis seems to fit well with the results. This hypothesis is that abortion may be a catalytic event 
